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ABSTRAK 

Infus adalah alat medis yang difungsikan untuk memberikan cairan ke 

dalam tubuh melalui intravena dalam bentuk injeksi. Cairan yang dimaksud adalah 

obat, nutrisi, dan anasthesi. Dilihat dari fungsinya, infus memberikan manfaat besar 

di bidang kesehatan sebagai alat bantu medis. Metode injeksi obat High alert 

selama ini dilakukan dengan bantuan smart infusion untuk mendapatkan akurasi 

dan stabilitas yang baik. Namun faktanya kasus pemakaian smart infusion yang 

tidak standar malah menyebabkan bahaya yang lebih besar. Pernah terjadi 70 kasus 

produk infusion pump tidak mampu memberikan dosis yang sesuai pada pasien. Di 

Pensylvania pada 2018  (1004 kasus) pada 132 Rumah sakit. Infusion pump yang 

digunakan dengan waktu yang relatif lama. Hal ini mengakibatkan motor pump 

mengalami panas dan perlambatan. Dengan kronologi tersebut penelitian ini ingin 

membuat sebuah rancang bangun infusion pump dengan menerapkan sistem close 

loop. Sistem kendali yang digunakan pada penelitian ini yaitu PI Konvensional dan 

Fuzzy PI. Pengujian akan dilakukan secara simulasi dan aktual terhadap rancang 

bangun yang diusulkan. Dari hasil simulasi PI Konvensional didapatkan hasil yang 

baik dengan rise time 22,19s dan settling time 42.85s. Sedangkan hasil simulasi 

fuzzy PI didapatkan rise time 16,56s dan settling time 22,85s. Hasil pengujian PI 

aktual didapatkan rise time 39.5s dan settling time 67s. Sedangkan hasil pengujian 

fuzzy PI didapatkan rise time 34.5s dan settling time 58s. semua hasil pengujian 

didapatkan tanpa overshot dan steady state 0%. Pengukuran alat menggunakan IDA 

menunjukkan akurasi minimal  98.26%. Sedangkan stabilitas maksimal berada 

pada ±0.29.  Dari hasil tersebut dapat disimpulkan bahwa kontrol fuzzy PI lebih baik 

dari PI konvensional. Namun keduanya tidak menunjukkan perbedaan yang 

signifikan. Kedua jenis kontrol tersebut dinyatakan aman diterapkan pada Infusion 

pump.  

 

 

Kata Kunci : Infusion pump, Fuzzy, PI Konvensional, Kontrol Fuzzy PI  
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ABSTRACT 

 

Infusion is a medical device that is used to provide fluids into the body 

through intravenously in the form of injections. The liquid in question is medicine, 

nutrition, and anesthesia. Judging from its function, infusion provides great benefits 

in the health sector as a medical aid. The high alert drug injection method has so far 

been carried out with the help of smart infusion to obtain good accuracy and 

stability. However, in fact cases of using non-standard smart infusions actually 

cause greater danger. There have been 70 cases of infusion pump products not being 

able to provide the appropriate dose to patients. In Pennsylvania in 2018 (1004 

cases) in 132 hospitals. Infusion pumps that are used for a relatively long time. This 

causes the pump motor to heat up and slow down. With this chronology, this 

research wants to create an infusion pump design by implementing a closed loop 

system. The control system used in this study is Conventional PI and Fuzzy PI. 

Testing will be carried out in simulation and actual on the proposed design. From 

the conventional PI simulation results, good results were obtained with a rise time 

of 22.19s and a settling time of 42.85s. Meanwhile, the fuzzy PI simulation results 

obtained a rise time of 16.56s and a settling time of 22.85s. Actual PI test results 

obtained rise time 39.5s and settling time 67s. While the results of the PI fuzzy test 

obtained a rise time of 34.5s and a settling time of 58s. all test results obtained 

without overshot and 0% steady state. Tool measurements using IDA show a 

minimum accuracy of 98.26%. While the maximum stability is at ± 0.29. From 

these results it can be concluded that the fuzzy PI control is better than conventional 

PI. But the two did not show a significant difference. Both types of control are 

declared safe to apply to infusion pumps. 

 

 

Kata Kunci : Infusion pump, Fuzzy, Conventional PI, Fuzzy PI Controller 
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BAB I 

PENDAHULUAN 

1.1 Latar Belakang   

Peraturan keselamatan untuk pasien rawat inap menerapkan standar 

penjaminan mutu pelayanan rumah sakit. Hal tersebut termasuk permintaan 

pengadaan alat-alat kesehatan sepenuhnya untuk menunjang penanganan pasien 

agar lebih optimal. Salah satu keselamatan pasien yang harus diperhatikan yaitu 

tindakan pemberian obat terutama jenis high alert medication [1]. Saat ini masih 

dijumpai kesalahan perawat dalam menangani pasien, khususnya pada prosedur 

pemberian obat. Persentase kejadian kasus kesalahan pemberian dosis obat di 

Indonesia 24,8% dari kasus yang dilaporkan, Hal serupa, pasien meninggal di 

Amerika, terdata sebanyak 48000-100000 per tahun [2] akibat kesalahan pemberian 

dosis obat high alert. Pemberian obat wajib mengikuti prinsip sepuluh benar [3] 

pemberian obat yaitu obat, dosis, pasien, rute, waktu, informasi, kadaluarsa, 

pengkajian, evaluasi dan dokumentasi.  

Pompa infus adalah salah satu peralatan kesehatan yang digunakan untuk 

memasukan obat hight alert. Injeksi obat secara intravena harus dilakukan secara 

teliti dan tepat dengan metode infusion. Metode infusion manual saat ini masih 

sering digunakan. Namun metode ini memiliki banyak kekurangan, yaitu prinsip 

gravitasi, tingkat drop arteri >20%, dan flow rate (Laju Aliran) yang sulit diatur 

secara presisi [4]. Sehingga metode manual tidak tepat digunakan untuk injeksi obat 

high alert. Metode lain yaitu metode otomatis atau biasa disebut smart infusion. 

Metode ini memanfaatkan sebuah alat yang bernama infusion pump. Prinsip kerja 

alat yaitu memanfaatkan prinsip pompa peristaltik untuk mengalirkan cairan infus 

[5]. Kriteria infusion pump yang layak digunakan telah diatur oleh WHO yaitu 

memiliki akurasi minimal ±5% [6].  Penggunaan infusion pump yang tidak standar 

justru akan mengakibatkan dampak yang lebih bahaya dibanding menggunakan 

metode manual. Kegagalan sistem pada infusion pump akan mengakibatkan pompa 

bekerja tidak terkendali [7]. Beberapa kasus kegagalan sistem infusion pump 

terjadi, 70 kasus produk infusion pump tidak mampu memberikan dosis yang sesuai 
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pada pasien [8]. Di Pensylvania pada 2018  (1004 kasus) pada 132 Rumah sakit. 

Kasus-kasus kesalahan pemberian obat menggunakan smart infusion yaitu akurasi 

flow rate injeksi obat tidak sesuai dosis [9]. Infusion pump digunakan dengan waktu 

yang relatif lama. Hal ini mengakibatkan motor pump mengalami panas dan 

pelambatan. Selain itu faktor melambatnya motor dipengaruhi oleh umur alat. 

Sering  terdapat laporan dari tim kalibrasi alat infusion pump bahwa hasil kalibrasi 

dinyatakan tidak layak pakai. Kronologinya saat dilakukan pengukuran pada 

beberapa set point didapatkan hasil koreksi yang berbeda (tidak linear). Misalnya, 

pada set point 10ml/jam hasilnya sesuai, 25ml/jam hasilnya tidak sesuai, 50 ml/jam 

hasilnya sesuai. Jika dilihat dari permasalahan tersebut dapat dianalisa bahwa 

masukan sinyal step yang diberikan pada motor stepper tidak linear. Sistem kendali 

motor pump dilakukan secara open loop. Sehingga jika terjadi penurunan 

kecepatan, sinyal step tidak dapat menyesuaikan kembali dengan target flow 

ratenya. 

Peneliti [10] membuat desain alat infus otomatis berbabasis fuzzy logic. load 

cell dimanfaatkan sebagai pengukur berat cairan infus yang tersisa. Metode fuzzy 

digunakan untuk mengatur mini gearbox pembuka/penutup aliran infus. Namun 

alat yang dihasilkan masih menggunakan sistem gravitasi sehingga masih rawan 

tejadi macet saat injeksi.  Peneliti [11] mengembangkan teknik tetesan cairan infus 

menggunakan Labview berbasis logika fuzzy. Desain pengontrol infus 

memanfaatkan manset bekas dan pompa udara.  Part tersebut digunakan untuk 

menekan botol infus. Alat ini memiliki kelemahan yaitu jika posisi botol miring 

akan menyebabkan udara masuk pada selang, sehingga akan menyebabkan emboli. 

Peneliti [12] melakukan penelitian dengan topik Prototipe Infusion Pump berbasis 

Arduino. Penelitian tersebut menggunakan rotating stepper peristaltic pump 

sebagai pemompa infus. Penelitin yang dihasilnya berupa alat yang dapat mengatur 

flow rate dengan presisi terhadap target flow rate yang ditentukan. Dalam penelitian 

tersebut ditemukan kendala yaitu nilai step yang diberikan pada motor driver tidak 

linear terhadap kecepatan motor yang dihasilkan. Penelitian tentang pengendalian 

motor stepper juga pernah dilakukan oleh [13]. Hasil yang didapatkan pada 

penelitian ini FLC efektif digunakan mengendalikan kecepatan motor stepper 
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dengan rentang medium-high speed, sedangkan low speed menggunakan metode 

loop terbuka. Peneliti [14] melakukan penelitian PI (Proportional Integral) 

controller digunakan untuk mengatur kecepatan motor stepper. hasil yang didapat 

pada penelitian tersebut menunjukkan dapat mencapai stabilitas dengan overshot 

dibawah 1%. Kombinasi fuzzy logic dan PID juga terbukti lebih baik dari PID 

konvensional dan fuzzy stand alone yang diterapkan pada kontrol motor DC. 

Dimana penelitian tersebut telah dilakukan oleh [15]–[19]. 

Berdasarkan permasalahan belum sempurnanya fungsi dan performa 

infusion pump. Berbagai kasus kesalahan dan akurasi tetesan cairan infus, perlu 

dikembangkan sistem kontrol pada infusion pump. Fuzzy PID terbukti dapat 

meningkatkan performa kontrol kecepatan pada motor DC dan PI Konvensional 

terbukti telah menghasilkan hasil yang baik jika diterapkan pada motor stepper. 

Sehingga desain yang diajukan yaitu sistem close loop kendali Fuzzy PI pada 

pengaturan flow rate.  Motor stepper linear peristaltic pump akan dimanfaatkan 

sebagai actuator pemompa cairan infus. Fokus dari penelitian ini yaitu 

mengendalikan kecepatan motor stepper secara close loop dan mengkonversi 

besaran kecepatan rotasi motor ke besaran flow rate infus. Diharapkan dengan 

stabilitas kecepatan motor stepper akan berdampak pada akurasi flow rate. 

Sehingga dapat mengkondisikan flow rate secara presisi, baik dari flow rate rendah 

dari 5ml/jam – 150 ml/jam. Pengendali Fuzzy dan PI dipilih karena pada penelitian 

sebelumnya yang membahas tentang pengendali kecepatan motor stepper 

menunjukkan hasil yang baik.  

1.2 Rumusan Masalah 

Rumusan masalah dalam penelitian yang dilakukan penulis sebagai berikut : 

1. Bagaimana membuat sistem infus yang memiliki keakuratan jumlah dosis yang 

diberikan? 

2. Bagaimana penerapan PI konvensional dan fuzzy PI dalam pengaturan flow rate 

alat infusion pump?  
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1.3 Tujuan Penelitian 

Membuat sebuah alat infusion pump yang memiliki stabilitas dan akurasi 

yang baik.  

1.4 Metode Penelitian 

Metode penelitian berupa rancang bangun infusion pump yang terbagi 

menjadi 2 bagian yaitu hardware dan software. 

1.5 Batasan Penelitian 

Agar tidak terjadi perluasan masalah maka akan dibatasi masalah tersebut, 

antara lain : 

1. Merancangbangun model infusion pump. 

2. Menggunakan simulator sistem kendali PI dan Fuzzy PI 

3. Fokus penelitian pada rekayasa sistem kendali motor stepper untuk mengatur 

flow rate infus. 

1.6 Manfaat Penelitian 

1. Dengan meningkatnya akurasi flow rate diharapkan akan meningkatakan 

keamanan tindakan injeksi obat high alert.  

2. Media rekayasa uji elektrik/mekanik sistem kendali motor pada infusion pump 

3. Merekomendasikan konstanta-konstanta kendali loop tertutup   sesuai target  

output sistem pada infusion pump 

4. Menambah wawasan tentang sistem kendali pada alat kesehatan terutama pada 

peralatan life support.  
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BAB V 

PENUTUP 

5.1 Kesimpulan 

Penelitian yang dilakukan menghasilkan sebuah hasil yang menunjukkan 

control PI konvensional  dan control fuzzy PI sama-sama memberikan dampak baik 

pada akurasi dan stabilitas flow rate. Menggunakan Fuzzy PI Controller 

menghasilkan akurasi dan stabilitas yang sangat baik yaitu dengan akurasi minimal  

98,26%. Sedangkan stabilitas maksimal berada pada ±0.29.  Perbedaan pada kedua 

sistem kendali terletak pada kualitas rise time dan settling timenya, Fuzzy PI 

controller memiliki rise time dan settling time yang lebih baik. Dari sisi akurasi dan 

stabilitas flow rate kedua controller sama baiknya. Persentase koreksi relatif yang 

didapatkan masih dalam rentang yang diperbolehkan yaitu dibawah 10%. Dari 

pernyataan ini dapat disimpulkan bahwa sistem kendali PI Konvensional dengan 

Kp = 0,8 ; Ki = 0,08 dan fuzzy PI baik dan aman diterapkan pada Infusion Pump.  

5.2 Saran  

1. Menggunakan sensor yang lebih baik dalam segi sensitiftas. Jika sensor 

memiliki sensitifitas yang lebih baik maka kemungkinan besar rise time akan 

bisa meningkat, dengan overshot yang minim.  

2. Untuk pengoptimalkan fuzzy PI dapat dilakukan penelitian merubah bentuk 

membership function input atau output. 

3. Untuk penelitian lebih lanjut bisa menambahkan sensor safety berapa air bubble 

dan occlusion pada alat.  
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LAMPIRAN 

 

Lampiran 1. Dokumentasi pengambilan data flow rate 25 ml/h 
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Lampiran 2. Dokumentasi pengambilan data flow rate 50 ml/h 
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Lampiran 3. Dokumentasi pengambilan data flow rate 75 ml/h 
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Lampiran 4. Dokumentasi pengambilan data flow rate 100 ml/h 
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Lampiran 5. Dokumentasi pengambilan data flow rate 125 ml/h 
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Lampiran 6. Dokumentasi pengambilan data flow rate 150 ml/h 
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LAMPIRAN 7 

Full Code Program Infusion Pump Control PI Konvensional 

#include <AccelStepper.h> 

#include <SoftwareSerial.h> 

#include <EEPROM.h> 

#include "TimerOne.h" //Timer interrupts 

#include <Wire.h> //This is for i2C 

#define dirPin 2 

#define stepPin 3 

#define enter 8 

#define up 12 

#define down 11 

#define up2 10 

#define down2 9 

#define motorInterfaceType 1 

 

//nextion 

String endChar = String(char(0xff)) + String(char(0xff)) + String(char(0xff)); 

String ReceivedData = ""; 

float flowrate; 

union { 

  char charByte[20]; 

  long valLong; 

} value; 

//------ 

//PID 

float Kp; 

float Ki; 

float Kd; 

float Error, dError, sum_Error; 

float sp; 

float power; 

 

unsigned long currentTime2; 

unsigned long previousTime2=0; 

double elapsedTime; 

double error; 

double lastError; 

double input, Output, setPoint; 

double cumError, rateError; 

double out; 

double delta; 

int interval = 100; 

 

AccelStepper stepper = AccelStepper(motorInterfaceType, stepPin, dirPin); 

//Sensor 
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int magnetStatus = 0; //value of the status register (MD, ML, MH) 

int lowbyte; //raw angle 7:0 

word highbyte; //raw angle 7:0 and 11:8 

int rawAngle; //final raw angle 

float degAngle; //raw angle in degrees (360/4096 * [value between 0-4095]) 

 

int quadrantNumber, previousquadrantNumber; //quadrant IDs 

float numberofTurns = 0; //number of turns 

float correctedAngle = 0; //tared angle - based on the startup value 

float startAngle = 0; //starting angle 

float totalAngle = 0; //total absolute angular displacement 

float previoustotalAngle = -1; //for the display printing 

float recentTotalAngle = 0; //for the display printing 

float rpmValue = 0; //revolutions per minute 

float stepRateFromRPM = 0; //steps/s calculated from RPM 

float calculatedRPM = 0; //calculated RPM based on the stepper speed 

float stepperPosition = 0; //stepper's software position based on the 

AccelStepper library 

float stepperPreviousPosition = 0; //stepper's software position based on the 

AccelStepper library 

float rpmInterval = 500; // RPM is calculated every 0.2 seconds 

float rpmTimer = 0; //Timer for the rpm 

float timerdiff = 0; //Time difference for more exact rpm calculation 

//------ 

//Smooting 

const int numReadings = 100; 

 

int readings[numReadings];      // the readings from the analog input 

int readIndex = 0;              // the index of the current reading 

float total = 0;                  // the running total 

float average = 0;                // the average 

 

const int numReadings2 = 200; 

 

int readings2[numReadings2];      // the readings from the analog input 

int readIndex2 = 0;              // the index of the current reading 

float total2 = 0;                  // the running total 

float average2 = 0;                // the average 

 

int a, b; 

float nilai_tetes, completed; 

int nilaiflow, setvolume; 

float vol, volume, Flowrate; 

int jam, menit, t2; 

float sisa, waktu, t; 

//keypad 
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byte button_enter = 0; 

byte button_up = 0; 

byte button_down = 0; 

byte button_up2 = 0; 

byte button_down2 = 0; 

byte button_up3 = 0; 

byte button_down3 = 0; 

byte button_up4 = 0; 

byte button_down4 = 0; 

 

int interval_timer = 1000; 

unsigned long previousMillis_timer = 0; 

unsigned long currentMillis_timer; 

 

int interval_button = 200; 

unsigned long previousMillis_button = 0; 

unsigned long currentMillis_button; 

 

void pid() 

{ 

  Error = sp - flowrate; 

  sum_Error += Error; 

 

  float P = Kp * Error; 

  float I = Ki * sum_Error; 

 

  currentTime2 = millis(); 

  elapsedTime = (double)(currentTime2 - previousTime2); 

  if (currentTime2 - previousTime2 >= interval) 

  { 

    error = nilaiflow - flowrate; 

    cumError += error * elapsedTime; 

    rateError = (error - lastError) / elapsedTime; 

    lastError = error; 

    previousTime2 = millis(); 

  } 

 

  power = P + I; 

  if (power > 2600) { 

    power = 2600; 

  } 

  else if (power < 0) { 

    power = 0; 

  } 

  return power; 

} 
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void setup() 

{ 

  stepper.setMaxSpeed(2600); 

  //sensor 

  Timer1.initialize(100); //100 us timer trigger interval 

  Timer1.setPeriod(100); 

  Timer1.attachInterrupt(callback); 

  pinMode(dirPin, OUTPUT); 

  pinMode(enter, INPUT_PULLUP); 

  digitalWrite(dirPin, HIGH); 

  //pinMode(tetes,INPUT_PULLUP); 

  Serial.begin(9600); //start serial - tip: don't use serial if you don't need it 

(speed considerations) 

  Wire.begin(); //start i2C 

  Wire.setClock(800000L); //fast clock 

  checkMagnetPresence(); //check the magnet (blocks until magnet is found) 

  ReadRawAngle(); //make a reading so the degAngle gets updated 

  startAngle = degAngle; //update startAngle with degAngle - for taring 

  for (int thisReading = 0; thisReading < numReadings; thisReading++) { 

    readings[thisReading] = 0; 

  } 

  //keypad 

  pinMode(enter, INPUT_PULLUP); 

  pinMode(up, INPUT_PULLUP); 

  pinMode(down, INPUT_PULLUP); 

  pinMode(up2, INPUT_PULLUP); 

  pinMode(down2, INPUT_PULLUP); 

} 

 

void callback() 

{ 

  stepper.runSpeed(); 

} 

 

void setflow() 

{ 

  currentMillis_button = millis(); 

  button_up = digitalRead(up); 

  button_down = digitalRead(down); 

  button_up2 = digitalRead(up2); 

  button_down2 = digitalRead(down2); 

  if (button_up == LOW) 

  { 

    if (currentMillis_button - previousMillis_button >= interval_button) 

    { 
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      nilaiflow = nilaiflow + 1; 

      previousMillis_button = millis(); 

    } 

  } 

  if (button_down == LOW) 

  { 

    if (currentMillis_button - previousMillis_button >= interval_button) 

    { 

      nilaiflow = nilaiflow - 1; 

      previousMillis_button = millis(); 

    } 

  } 

  if (button_up2 == LOW) 

  { 

    if (currentMillis_button - previousMillis_button >= interval_button) 

    { 

      nilaiflow = nilaiflow + 10; 

      previousMillis_button = millis(); 

    } 

  } 

  if (button_down2 == LOW) 

  { 

    if (currentMillis_button - previousMillis_button >= interval_button) 

    { 

      nilaiflow = nilaiflow - 10; 

      previousMillis_button = millis(); 

    } 

  } 

  if (nilaiflow < 0) 

  { 

    nilaiflow = 150; 

  } 

  if (nilaiflow > 150) 

  { 

    nilaiflow = 0; 

  } 

} 

 

void setvol() 

{ 

  currentMillis_button = millis(); 

  button_up3 = digitalRead(up); 

  button_down3 = digitalRead(down); 

  button_up4 = digitalRead(up2); 

  button_down4 = digitalRead(down2); 

  if (button_up3 == LOW) 
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  { 

    if (currentMillis_button - previousMillis_button >= interval_button) 

    { 

      setvolume = setvolume + 1; 

      previousMillis_button = millis(); 

    } 

  } 

  if (button_down3 == LOW) 

  { 

    if (currentMillis_button - previousMillis_button >= interval_button) 

    { 

      setvolume = setvolume - 1; 

      previousMillis_button = millis(); 

    } 

  } 

  if (button_up4 == LOW) 

  { 

    if (currentMillis_button - previousMillis_button >= interval_button) 

    { 

      setvolume = setvolume + 10; 

      previousMillis_button = millis(); 

    } 

  } 

  if (button_down4 == LOW) 

  { 

    if (currentMillis_button - previousMillis_button >= interval_button) 

    { 

      setvolume = setvolume - 11; 

      previousMillis_button = millis(); 

    } 

  } 

  if (setvolume < 1) 

  { 

    setvolume = 500; 

  } 

  if (setvolume > 500) 

  { 

    setvolume = 1; 

  } 

} 

 

void loop() 

{ 

  sisa = setvolume - vol; 

  waktu = sisa / nilaiflow; 

  t = waktu * 60; 
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  jam = t / 60; 

  menit = t - (jam * 60); 

 

  ReadRawAngle(); //ask the value from the sensor 

  correctAngle(); //tare the value 

  checkQuadrant(); //check quadrant, check rotations, check absolute angular 

position 

  calculateRPM(); //Calculate RPM 

  total = total - readings[readIndex]; 

  readings[readIndex] = rpmValue; 

  total = total + readings[readIndex]; 

  readIndex = readIndex + 1; 

  if (readIndex >= numReadings) { 

    readIndex = 0; 

  } 

  average = total / numReadings; 

  /* 

   *  150 = 0.424 

      125 = 0.417 

      100 = 0.41 

      75 = 0.404; 

      50 = 0.39; 

      25 = 0.3825; 

  */ 

//rigel 

   /* 

   *  150 = 0.424 

      125 = 0.417 

      100 = 0.41 

      75 = 0.3925; 

      50 = 0.3780; 

      25 = 0.3825; 

  */ 

  flowrate = (average / 0.3780); 

  if (average < 0) { 

    average = 0.0; 

    total = 0.0; 

  } 

   

  total2 = total2 - readings2[readIndex2]; 

  readings2[readIndex2] = flowrate; 

  total2 = total2 + readings2[readIndex2]; 

  readIndex2 = readIndex2 + 1; 

  if (readIndex2 >= numReadings2) { 

    readIndex2 = 0; 

  } 
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  average2 = total2 / numReadings2; 

  if(nilaiflow-average2<=1.0 && nilaiflow-average2>=-

1.0){Flowrate=nilaiflow;} 

  if(nilaiflow-average2>=2.0 || average2-nilaiflow>=2.0){Flowrate=average2;} 

 

  currentMillis_button = millis(); 

  button_enter = digitalRead(enter); 

  if (button_enter == LOW) 

  { 

    if (currentMillis_button - previousMillis_button >= interval_button) 

    { 

      a = a + 1; 

      previousMillis_button = millis(); 

    } 

  } 

 

  if (a == 0) 

  { 

    setflow(); 

    Serial.print("t12.txt=\""); 

    Serial.print("<"); 

    Serial.print("\""); 

    Serial.write(0xFF); 

    Serial.write(0xFF); 

    Serial.write(0xFF); 

 

    Serial.print("t13.txt=\""); 

    Serial.print(" "); 

    Serial.print("\""); 

    Serial.write(0xFF); 

    Serial.write(0xFF); 

    Serial.write(0xFF); 

 

    Serial.print("t14.txt=\""); 

    Serial.print("STOP"); 

    Serial.print("\""); 

    Serial.write(0xFF); 

    Serial.write(0xFF); 

    Serial.write(0xFF); 

  } 

  if (a == 1) 

  { 

    setvol(); 

    Serial.print("t12.txt=\""); 

    Serial.print(" "); 

    Serial.print("\""); 
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    Serial.write(0xFF); 

    Serial.write(0xFF); 

    Serial.write(0xFF); 

 

    Serial.print("t13.txt=\""); 

    Serial.print("<"); 

    Serial.print("\""); 

    Serial.write(0xFF); 

    Serial.write(0xFF); 

    Serial.write(0xFF); 

 

    Serial.print("t14.txt=\""); 

    Serial.print("STOP"); 

    Serial.print("\""); 

    Serial.write(0xFF); 

    Serial.write(0xFF); 

    Serial.write(0xFF); 

  } 

  if (a == 2) 

  { 

    Kp = 0.8; 

    Ki = 0.08; 

    sp = nilaiflow; 

    pid(); 

    // 50 =526 

    stepper.setSpeed(power); 

    nilai_tetes = flowrate / 3600.0; 

    currentMillis_timer = millis(); 

    if ((unsigned long)(currentMillis_timer - previousMillis_timer) >= 

interval_timer) 

    { 

      vol = vol + nilai_tetes; 

      previousMillis_timer = currentMillis_timer; 

    } 

    Serial.print("t3.txt=\""); 

    Serial.print(vol,1); 

    Serial.print("\""); 

    Serial.write(0xFF); 

    Serial.write(0xFF); 

    Serial.write(0xFF); 

    if (vol >= setvolume) 

    { 

      a = 0; 

    } 

    Serial.print("t12.txt=\""); 

    Serial.print(" "); 
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    Serial.print("\""); 

    Serial.write(0xFF); 

    Serial.write(0xFF); 

    Serial.write(0xFF); 

 

    Serial.print("t13.txt=\""); 

    Serial.print(" "); 

    Serial.print("\""); 

    Serial.write(0xFF); 

    Serial.write(0xFF); 

    Serial.write(0xFF); 

 

    Serial.print("t14.txt=\""); 

    Serial.print("running....."); 

    Serial.print("\""); 

    Serial.write(0xFF); 

    Serial.write(0xFF); 

    Serial.write(0xFF); 

  } 

  Serial.print("t0.txt=\""); 

  Serial.print(Flowrate,0); 

  Serial.print("\""); 

  Serial.write(0xFF); 

  Serial.write(0xFF); 

  Serial.write(0xFF); 

 

  Serial.print("t6.txt=\""); 

  Serial.print(nilaiflow); 

  Serial.print("\""); 

  Serial.write(0xFF); 

  Serial.write(0xFF); 

  Serial.write(0xFF); 

 

  Serial.print("t7.txt=\""); 

  Serial.print(setvolume); 

  Serial.print("\""); 

  Serial.write(0xFF); 

  Serial.write(0xFF); 

  Serial.write(0xFF); 

 

  Serial.print("t9.txt=\""); 

  Serial.print(jam); 

  Serial.print("\""); 

  Serial.write(0xFF); 

  Serial.write(0xFF); 

  Serial.write(0xFF); 
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  Serial.print("t10.txt=\""); 

  Serial.print(menit); 

  Serial.print("\""); 

  Serial.write(0xFF); 

  Serial.write(0xFF); 

  Serial.write(0xFF); 

 

  if (a > 3) 

  { 

    a = 0; 

  } 

 

  if (a == 0) 

  { 

    stepper.setSpeed(0); 

    average = 0.0; 

    total = 0.0; 

  } 

} 

 

void ReadRawAngle() 

{ 

  Wire.beginTransmission(0x36); //connect to the sensor 

  Wire.write(0x0D); //figure 21 - register map: Raw angle (7:0) 

  Wire.endTransmission(); //end transmission 

  Wire.requestFrom(0x36, 1); //request from the sensor 

  while (Wire.available() == 0); //wait until it becomes available 

  lowbyte = Wire.read(); //Reading the data after the request 

  Wire.beginTransmission(0x36); 

  Wire.write(0x0C); //figure 21 - register map: Raw angle (11:8) 

  Wire.endTransmission(); 

  Wire.requestFrom(0x36, 1); 

  while (Wire.available() == 0); 

  highbyte = Wire.read(); 

  highbyte = highbyte << 8; //shifting to left 

  rawAngle = highbyte | lowbyte; //int is 16 bits (as well as the word) 

  degAngle = rawAngle * 0.087890625; 

} 

 

void correctAngle() 

{ 

  correctedAngle = degAngle - startAngle; //this tares the position 

  if (correctedAngle < 0) //if the calculated angle is negative, we need to 

"normalize" it 

  { 
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    correctedAngle = correctedAngle + 360; //correction for negative numbers 

(i.e. -15 becomes +345) 

  } 

  else 

  { 

    //do nothing 

  } 

} 

 

void checkQuadrant() 

{ 

  //Quadrant 1 

  if (correctedAngle >= 0 && correctedAngle <= 90) 

  { 

    quadrantNumber = 1; 

  } 

  //Quadrant 2 

  if (correctedAngle > 90 && correctedAngle <= 180) 

  { 

    quadrantNumber = 2; 

  } 

  //Quadrant 3 

  if (correctedAngle > 180 && correctedAngle <= 270) 

  { 

    quadrantNumber = 3; 

  } 

  //Quadrant 4 

  if (correctedAngle > 270 && correctedAngle < 360) 

  { 

    quadrantNumber = 4; 

  } 

 

  if (quadrantNumber != previousquadrantNumber) //if we changed quadrant 

  { 

    if (quadrantNumber == 1 && previousquadrantNumber == 4) 

    { 

      numberofTurns++; // 4 --> 1 transition: CW rotation 

    } 

    if (quadrantNumber == 4 && previousquadrantNumber == 1) 

    { 

      numberofTurns--; // 1 --> 4 transition: CCW rotation 

    } 

    previousquadrantNumber = quadrantNumber;  //update to the current 

quadrant 

  } 
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  totalAngle = (numberofTurns * 360) + correctedAngle; //number of turns (+/-) 

plus the actual angle within the 0-360 range 

} 

 

void checkMagnetPresence() 

{ 

  while ((magnetStatus & 32) != 32) //while the magnet is not adjusted to the 

proper distance - 32: MD = 1 

  { 

    magnetStatus = 0; //reset reading 

    Wire.beginTransmission(0x36); //connect to the sensor 

    Wire.write(0x0B); //figure 21 - register map: Status: MD ML MH 

    Wire.endTransmission(); //end transmission 

    Wire.requestFrom(0x36, 1); //request from the sensor 

    while (Wire.available() == 0); //wait until it becomes available 

    magnetStatus = Wire.read(); //Reading the data after the request 

  } 

} 

 

void calculateRPM() 

{ 

  timerdiff = millis() - rpmTimer; 

  if (timerdiff > rpmInterval) 

  { 

    rpmValue = (60000.0 / timerdiff) * (totalAngle - recentTotalAngle) / 360.0; 

    stepRateFromRPM = rpmValue * 800.0 / 60.0; 

    recentTotalAngle = totalAngle; //Make the totalAngle as the recent total 

angle. 

    rpmTimer = millis(); //Update the timer with the current millis() value 

  } 

} 

 

 

LAMPIRAN 8 

Full Code Program Infusion Pump Control Fuzzy PI 

//***************************************************************

******** 

// Matlab .fis to arduino C converter v2.0.1.25122016 

// - Karthik Nadig, USA 

// Please report bugs to: 

// https://github.com/karthiknadig/ArduinoFIS/issues 

// If you don't have a GitHub account mail to karthiknadig@gmail.com 

//***************************************************************

******** 

 

#include "fis_header.h" 
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#include <AccelStepper.h> 

#include <SoftwareSerial.h> 

#include <EEPROM.h> 

#include "TimerOne.h" //Timer interrupts 

#include <Wire.h> //This is for i2C 

#define dirPin 2 

#define stepPin 3 

#define enter 8 

#define up 12 

#define down 11 

#define up2 10 

#define down2 9 

#define motorInterfaceType 1 

 

//nextion 

String endChar = String(char(0xff)) + String(char(0xff)) + String(char(0xff)); 

String ReceivedData = ""; 

int flow = 0; 

float flowrate, speedmotor; 

union { 

  char charByte[20]; 

  long valLong; 

} value; 

//------ 

//PID 

float Kp; 

float Ki; 

float Kd; 

float p, i, d; 

float Error, dError, sum_Error; 

float sp; 

float power; 

float g_fisOutput0; 

float g_fisOutput1; 

float Flowrate; 

 

AccelStepper stepper = AccelStepper(motorInterfaceType, stepPin, dirPin); 

//Sensor 

int magnetStatus = 0; //value of the status register (MD, ML, MH) 

int lowbyte; //raw angle 7:0 

word highbyte; //raw angle 7:0 and 11:8 

int rawAngle; //final raw angle 

float degAngle; //raw angle in degrees (360/4096 * [value between 0-4095]) 

 

int quadrantNumber, previousquadrantNumber; //quadrant IDs 

int numberofTurns = 0; //number of turns 
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int correctedAngle = 0; //tared angle - based on the startup value 

int startAngle = 0; //starting angle 

int totalAngle = 0; //total absolute angular displacement 

int previoustotalAngle = -1; //for the display printing 

int recentTotalAngle = 0; //for the display printing 

int rpmValue = 0; //revolutions per minute 

int stepRateFromRPM = 0; //steps/s calculated from RPM 

int calculatedRPM = 0; //calculated RPM based on the stepper speed 

int stepperPosition = 0; //stepper's software position based on the AccelStepper 

library 

int stepperPreviousPosition = 0; //stepper's software position based on the 

AccelStepper library 

int rpmInterval = 500; // RPM is calculated every 0.2 seconds 

int rpmTimer = 0; //Timer for the rpm 

int timerdiff = 0; //Time difference for more exact rpm calculation 

//------ 

//Smooting 

const int numReadings = 100; 

 

int readings[numReadings];      // the readings from the analog input 

int readIndex = 0;              // the index of the current reading 

float total = 0;                  // the running total 

float average = 0;                // the average 

 

const int numReadings2 = 100; 

 

int readings2[numReadings2];      // the readings from the analog input 

int readIndex2 = 0;              // the index of the current reading 

float total2 = 0;                  // the running total 

float average2 = 0;                // the average 

 

 

int a, b; 

float nilai_tetes, completed; 

int nilaiflow, setvolume; 

float vol, volume; 

int jam, menit, t2; 

float sisa, waktu, t, error; 

//keypad 

int button_enter = 0; 

int button_up = 0; 

int button_down = 0; 

int button_up2 = 0; 

int button_down2 = 0; 

int button_up3 = 0; 

int button_down3 = 0; 
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int button_up4 = 0; 

int button_down4 = 0; 

unsigned long previousTime2 = 0; 

unsigned long currentTime2; 

double lastError, rateError, elapsedTime; 

int interval = 100; 

unsigned long interval_timer = 1000; 

unsigned long previousMillis_timer = 0; 

unsigned long currentMillis_timer; 

 

unsigned long interval_button = 200; 

unsigned long previousMillis_button = 0; 

unsigned long currentMillis_button; 

 

 

// Number of inputs to the fuzzy inference system 

const int fis_gcI = 2; 

// Number of outputs to the fuzzy inference system 

const int fis_gcO = 2; 

// Number of rules to the fuzzy inference system 

const int fis_gcR = 25; 

 

FIS_TYPE g_fisInput[fis_gcI]; 

FIS_TYPE g_fisOutput[fis_gcO]; 

 

void pid() 

{ 

  dError = Error; 

  Error = sp - flowrate; 

  sum_Error += Error; 

 

  float P = Kp * Error; 

  float I = Ki * sum_Error; 

 

  power = P + I; 

 

  if (power > 2600) { 

    power = 2600; 

  } 

  else if (power < 0) { 

    power = 0; 

  } 

  return power; 

} 

 

void callback() 
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{ 

  stepper.runSpeed(); 

} 

 

void setflow() 

{ 

  currentMillis_button = millis(); 

  button_up = digitalRead(up); 

  button_down = digitalRead(down); 

  button_up2 = digitalRead(up2); 

  button_down2 = digitalRead(down2); 

  if (button_up == LOW) 

  { 

    if ((unsigned long)(currentMillis_button - previousMillis_button) >= 

interval_button) 

    { 

      nilaiflow = nilaiflow + 1; 

      previousMillis_button = millis(); 

    } 

  } 

  if (button_down == LOW) 

  { 

    if ((unsigned long)(currentMillis_button - previousMillis_button) >= 

interval_button) 

    { 

      nilaiflow = nilaiflow - 1; 

      previousMillis_button = millis(); 

    } 

  } 

  if (button_up2 == LOW) 

  { 

    if ((unsigned long)(currentMillis_button - previousMillis_button) >= 

interval_button) 

    { 

      nilaiflow = nilaiflow + 10; 

      previousMillis_button = millis(); 

    } 

  } 

  if (button_down2 == LOW) 

  { 

    if ((unsigned long)(currentMillis_button - previousMillis_button) >= 

interval_button) 

    { 

      nilaiflow = nilaiflow - 10; 

      previousMillis_button = millis(); 

    } 
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  } 

  if (nilaiflow < 0) 

  { 

    nilaiflow = 150; 

  } 

  if (nilaiflow > 150) 

  { 

    nilaiflow = 0; 

  } 

} 

 

void setvol() 

{ 

  currentMillis_button = millis(); 

  button_up3 = digitalRead(up); 

  button_down3 = digitalRead(down); 

  button_up4 = digitalRead(up2); 

  button_down4 = digitalRead(down2); 

  if (button_up3 == LOW) 

  { 

    if ((unsigned long)(currentMillis_button - previousMillis_button) >= 

interval_button) 

    { 

      setvolume = setvolume + 1; 

      previousMillis_button = millis(); 

    } 

  } 

  if (button_down3 == LOW) 

  { 

    if ((unsigned long)(currentMillis_button - previousMillis_button) >= 

interval_button) 

    { 

      setvolume = setvolume - 1; 

      previousMillis_button = millis(); 

    } 

  } 

  if (button_up4 == LOW) 

  { 

    if ((unsigned long)(currentMillis_button - previousMillis_button) >= 

interval_button) 

    { 

      setvolume = setvolume + 10; 

      previousMillis_button = millis(); 

    } 

  } 

  if (button_down4 == LOW) 
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  { 

    if ((unsigned long)(currentMillis_button - previousMillis_button) >= 

interval_button) 

    { 

      setvolume = setvolume - 11; 

      previousMillis_button = millis(); 

    } 

  } 

  if (setvolume < 1) 

  { 

    setvolume = 5000; 

  } 

  if (setvolume > 5000) 

  { 

    setvolume = 1; 

  } 

} 

 

// Setup routine runs once when you press reset: 

void setup() 

{ 

  stepper.setMaxSpeed(2600); 

  //sensor 

  Timer1.initialize(100); //100 us timer trigger interval 

  Timer1.setPeriod(100); 

  Timer1.attachInterrupt(callback); 

  pinMode(dirPin, OUTPUT); 

  pinMode(enter, INPUT_PULLUP); 

  digitalWrite(dirPin, HIGH); 

  //pinMode(tetes,INPUT_PULLUP); 

  Serial.begin(9600); //start serial - tip: don't use serial if you don't need it 

(speed considerations) 

  Wire.begin(); //start i2C 

  Wire.setClock(800000L); //fast clock 

  checkMagnetPresence(); //check the magnet (blocks until magnet is found) 

  ReadRawAngle(); //make a reading so the degAngle gets updated 

  startAngle = degAngle; //update startAngle with degAngle - for taring 

  for (int thisReading = 0; thisReading < numReadings; thisReading++) { 

    readings[thisReading] = 0; 

  } 

  //keypad 

  pinMode(enter, INPUT_PULLUP); 

  pinMode(up, INPUT_PULLUP); 

  pinMode(down, INPUT_PULLUP); 

  pinMode(up2, INPUT_PULLUP); 

  pinMode(down2, INPUT_PULLUP); 
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} 

 

// Loop routine runs over and over again forever: 

void loop() 

{ 

  sisa = setvolume - vol; 

  waktu = sisa / nilaiflow; 

  t = waktu * 60; 

  jam = t / 60; 

  menit = t - (jam * 60); 

 

  ReadRawAngle(); //ask the value from the sensor 

  correctAngle(); //tare the value 

  checkQuadrant(); //check quadrant, check rotations, check absolute angular 

position 

  calculateRPM(); //Calculate RPM 

  total = total - readings[readIndex]; 

  readings[readIndex] = rpmValue; 

  total = total + readings[readIndex]; 

  readIndex = readIndex + 1; 

  if (readIndex >= numReadings) { 

    readIndex = 0; 

  } 

  average = total / numReadings; 

  /* 

      181 = 0.4075   2250 

      130 = 0.400   1500 

      92 = 0.3926   1000 

  */ 

  flowrate = average / 0.400; 

  if (average < 0) { 

    average = 0.0; 

    total = 0.0; 

  } 

 

  if (nilaiflow - flowrate <= 1.0 && nilaiflow - flowrate >= -1.0) { 

    Flowrate = nilaiflow; 

  } 

  if (nilaiflow - flowrate >= 2.0 || flowrate - nilaiflow >= 2.0) { 

    Flowrate = flowrate; 

  } 

  total2 = total2 - readings2[readIndex2]; 

  readings2[readIndex2] = flowrate; 

  total2 = total2 + readings2[readIndex2]; 

  readIndex2 = readIndex2 + 1; 
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  if (readIndex2 >= numReadings2) { 

    readIndex2 = 0; 

  } 

  average2 = total2 / numReadings2; 

 

  currentMillis_button = millis(); 

  button_enter = digitalRead(enter); 

  if (button_enter == LOW) 

  { 

    if ((unsigned long)(currentMillis_button - previousMillis_button) >= 

interval_button) 

    { 

      a = a + 1; 

      previousMillis_button = millis(); 

    } 

  } 

 

  if (a == 0) 

  { 

    setflow(); 

    Serial.print("t12.txt=\""); 

    Serial.print("<"); 

    Serial.print("\""); 

    Serial.write(0xFF); 

    Serial.write(0xFF); 

    Serial.write(0xFF); 

 

    Serial.print("t13.txt=\""); 

    Serial.print(" "); 

    Serial.print("\""); 

    Serial.write(0xFF); 

    Serial.write(0xFF); 

    Serial.write(0xFF); 

 

    Serial.print("t14.txt=\""); 

    Serial.print("STOP"); 

    Serial.print("\""); 

    Serial.write(0xFF); 

    Serial.write(0xFF); 

    Serial.write(0xFF); 

  } 

  if (a == 1) 

  { 

    setvol(); 

    Serial.print("t12.txt=\""); 

    Serial.print(" "); 
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    Serial.print("\""); 

    Serial.write(0xFF); 

    Serial.write(0xFF); 

    Serial.write(0xFF); 

 

    Serial.print("t13.txt=\""); 

    Serial.print("<"); 

    Serial.print("\""); 

    Serial.write(0xFF); 

    Serial.write(0xFF); 

    Serial.write(0xFF); 

 

    Serial.print("t14.txt=\""); 

    Serial.print("STOP"); 

    Serial.print("\""); 

    Serial.write(0xFF); 

    Serial.write(0xFF); 

    Serial.write(0xFF); 

  } 

  if (a == 2) 

  { 

    pid(); 

    fis(); 

    g_fisInput[0] = Error; 

    g_fisInput[1] = Error; 

    g_fisOutput[0] = 0; 

    g_fisOutput[1] = 0; 

    fis_evaluate(); 

    Kp = g_fisOutput0; 

    Ki = g_fisOutput1; 

    sp = nilaiflow; 

    stepper.setSpeed(power); 

    nilai_tetes = flowrate / 3600.0; 

    currentMillis_timer = millis(); 

    if ((unsigned long)(currentMillis_timer - previousMillis_timer) >= 

interval_timer) 

    { 

      vol = vol + nilai_tetes; 

      previousMillis_timer = currentMillis_timer; 

    } 

    Serial.print("t3.txt=\""); 

    Serial.print(vol, 1); 

    Serial.print("\""); 

    Serial.write(0xFF); 

    Serial.write(0xFF); 

    Serial.write(0xFF); 
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    if (vol >= setvolume) 

    { 

      a = 0; 

    } 

    Serial.print("t12.txt=\""); 

    Serial.print(" "); 

    Serial.print("\""); 

    Serial.write(0xFF); 

    Serial.write(0xFF); 

    Serial.write(0xFF); 

 

    Serial.print("t13.txt=\""); 

    Serial.print(" "); 

    Serial.print("\""); 

    Serial.write(0xFF); 

    Serial.write(0xFF); 

    Serial.write(0xFF); 

 

    Serial.print("t14.txt=\""); 

    Serial.print("running....."); 

    Serial.print("\""); 

    Serial.write(0xFF); 

    Serial.write(0xFF); 

    Serial.write(0xFF); 

  } 

  Serial.print("t0.txt=\""); 

  Serial.print(Flowrate, 0); 

  Serial.print("\""); 

  Serial.write(0xFF); 

  Serial.write(0xFF); 

  Serial.write(0xFF); 

 

  Serial.print("t6.txt=\""); 

  Serial.print(nilaiflow); 

  Serial.print("\""); 

  Serial.write(0xFF); 

  Serial.write(0xFF); 

  Serial.write(0xFF); 

 

  Serial.print("t7.txt=\""); 

  Serial.print(setvolume); 

  Serial.print("\""); 

  Serial.write(0xFF); 

  Serial.write(0xFF); 

  Serial.write(0xFF); 
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  Serial.print("t9.txt=\""); 

  Serial.print(jam); 

  Serial.print("\""); 

  Serial.write(0xFF); 

  Serial.write(0xFF); 

  Serial.write(0xFF); 

 

  Serial.print("t10.txt=\""); 

  Serial.print(menit); 

  Serial.print("\""); 

  Serial.write(0xFF); 

  Serial.write(0xFF); 

  Serial.write(0xFF); 

 

  if (a > 3) 

  { 

    a = 0; 

  } 

 

  if (a == 0) 

  { 

    stepper.setSpeed(0); 

    average = 0.0; 

    total = 0.0; 

  } 

} 

 

void ReadRawAngle() 

{ 

  Wire.beginTransmission(0x36); //connect to the sensor 

  Wire.write(0x0D); //figure 21 - register map: Raw angle (7:0) 

  Wire.endTransmission(); //end transmission 

  Wire.requestFrom(0x36, 1); //request from the sensor 

  while (Wire.available() == 0); //wait until it becomes available 

  lowbyte = Wire.read(); //Reading the data after the request 

  Wire.beginTransmission(0x36); 

  Wire.write(0x0C); //figure 21 - register map: Raw angle (11:8) 

  Wire.endTransmission(); 

  Wire.requestFrom(0x36, 1); 

  while (Wire.available() == 0); 

  highbyte = Wire.read(); 

  highbyte = highbyte << 8; //shifting to left 

  rawAngle = highbyte | lowbyte; //int is 16 bits (as well as the word) 

  degAngle = rawAngle * 0.087890625; 

} 
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void correctAngle() 

{ 

  correctedAngle = degAngle - startAngle; //this tares the position 

  if (correctedAngle < 0) //if the calculated angle is negative, we need to 

"normalize" it 

  { 

    correctedAngle = correctedAngle + 360; //correction for negative numbers 

(i.e. -15 becomes +345) 

  } 

  else 

  { 

    //do nothing 

  } 

} 

 

void checkQuadrant() 

{ 

  //Quadrant 1 

  if (correctedAngle >= 0 && correctedAngle <= 90) 

  { 

    quadrantNumber = 1; 

  } 

  //Quadrant 2 

  if (correctedAngle > 90 && correctedAngle <= 180) 

  { 

    quadrantNumber = 2; 

  } 

  //Quadrant 3 

  if (correctedAngle > 180 && correctedAngle <= 270) 

  { 

    quadrantNumber = 3; 

  } 

  //Quadrant 4 

  if (correctedAngle > 270 && correctedAngle < 360) 

  { 

    quadrantNumber = 4; 

  } 

 

  if (quadrantNumber != previousquadrantNumber) //if we changed quadrant 

  { 

    if (quadrantNumber == 1 && previousquadrantNumber == 4) 

    { 

      numberofTurns++; // 4 --> 1 transition: CW rotation 

    } 

    if (quadrantNumber == 4 && previousquadrantNumber == 1) 

    { 



 

87 

  

      numberofTurns--; // 1 --> 4 transition: CCW rotation 

    } 

    previousquadrantNumber = quadrantNumber;  //update to the current 

quadrant 

  } 

  totalAngle = (numberofTurns * 360) + correctedAngle; //number of turns (+/-) 

plus the actual angle within the 0-360 range 

} 

 

void checkMagnetPresence() 

{ 

  while ((magnetStatus & 32) != 32) //while the magnet is not adjusted to the 

proper distance - 32: MD = 1 

  { 

    magnetStatus = 0; //reset reading 

    Wire.beginTransmission(0x36); //connect to the sensor 

    Wire.write(0x0B); //figure 21 - register map: Status: MD ML MH 

    Wire.endTransmission(); //end transmission 

    Wire.requestFrom(0x36, 1); //request from the sensor 

    while (Wire.available() == 0); //wait until it becomes available 

    magnetStatus = Wire.read(); //Reading the data after the request 

  } 

} 

 

void calculateRPM() 

{ 

  timerdiff = millis() - rpmTimer; 

  if (timerdiff > rpmInterval) 

  { 

    rpmValue = (60000.0 / timerdiff) * (totalAngle - recentTotalAngle) / 360.0; 

    stepRateFromRPM = rpmValue * 800.0 / 60.0; 

    recentTotalAngle = totalAngle; //Make the totalAngle as the recent total 

angle. 

    rpmTimer = millis(); //Update the timer with the current millis() value 

  } 

} 

 

//***************************************************************

******** 

// Support functions for Fuzzy Inference System 

//***************************************************************

******** 

// Triangular Member Function 

FIS_TYPE fis_trimf(FIS_TYPE x, FIS_TYPE* p) 

{ 

  FIS_TYPE a = p[0], b = p[1], c = p[2]; 
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  FIS_TYPE t1 = (x - a) / (b - a); 

  FIS_TYPE t2 = (c - x) / (c - b); 

  if ((a == b) && (b == c)) return (FIS_TYPE) (x == a); 

  if (a == b) return (FIS_TYPE) (t2 * (b <= x) * (x <= c)); 

  if (b == c) return (FIS_TYPE) (t1 * (a <= x) * (x <= b)); 

  t1 = min(t1, t2); 

  return (FIS_TYPE) max(t1, 0); 

} 

 

FIS_TYPE fis_prod(FIS_TYPE a, FIS_TYPE b) 

{ 

  return (a * b); 

} 

 

FIS_TYPE fis_probor(FIS_TYPE a, FIS_TYPE b) 

{ 

  return (a + b - (a * b)); 

} 

 

FIS_TYPE fis_sum(FIS_TYPE a, FIS_TYPE b) 

{ 

  return (a + b); 

} 

 

FIS_TYPE fis_array_operation(FIS_TYPE *array, int size, _FIS_ARR_OP 

pfnOp) 

{ 

  int i; 

  FIS_TYPE ret = 0; 

 

  if (size == 0) return ret; 

  if (size == 1) return array[0]; 

 

  ret = array[0]; 

  for (i = 1; i < size; i++) 

  { 

    ret = (*pfnOp)(ret, array[i]); 

  } 

 

  return ret; 

} 

 

 

//***************************************************************

******** 

// Data for Fuzzy Inference System 
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//***************************************************************

******** 

// Pointers to the implementations of member functions 

_FIS_MF fis_gMF[] = 

{ 

  fis_trimf 

}; 

 

// Count of member function for each Input 

int fis_gIMFCount[] = { 5, 5 }; 

 

// Count of member function for each Output 

int fis_gOMFCount[] = { 5, 5 }; 

 

// Coefficients for the Input Member Functions 

FIS_TYPE fis_gMFI0Coeff1[] = { -300, -200, -100 }; 

FIS_TYPE fis_gMFI0Coeff2[] = { -200, -100, 0 }; 

FIS_TYPE fis_gMFI0Coeff3[] = { -100, 0, 100 }; 

FIS_TYPE fis_gMFI0Coeff4[] = { 0, 100, 200 }; 

FIS_TYPE fis_gMFI0Coeff5[] = { 100, 200, 300 }; 

FIS_TYPE* fis_gMFI0Coeff[] = { fis_gMFI0Coeff1, fis_gMFI0Coeff2, 

fis_gMFI0Coeff3, fis_gMFI0Coeff4, fis_gMFI0Coeff5 }; 

FIS_TYPE fis_gMFI1Coeff1[] = { -300, -200, -100 }; 

FIS_TYPE fis_gMFI1Coeff2[] = { -200, -100, 0 }; 

FIS_TYPE fis_gMFI1Coeff3[] = { -100, 0, 100 }; 

FIS_TYPE fis_gMFI1Coeff4[] = { 0, 100, 200 }; 

FIS_TYPE fis_gMFI1Coeff5[] = { 100, 200, 300 }; 

FIS_TYPE* fis_gMFI1Coeff[] = { fis_gMFI1Coeff1, fis_gMFI1Coeff2, 

fis_gMFI1Coeff3, fis_gMFI1Coeff4, fis_gMFI1Coeff5 }; 

FIS_TYPE** fis_gMFICoeff[] = { fis_gMFI0Coeff, fis_gMFI1Coeff }; 

 

// Coefficients for the Output Member Functions 

FIS_TYPE fis_gMFO0Coeff1[] = { 0, 0, 0.6 }; 

FIS_TYPE fis_gMFO0Coeff2[] = { 0, 0, 0.7 }; 

FIS_TYPE fis_gMFO0Coeff3[] = { 0, 0, 0.8 }; 

FIS_TYPE fis_gMFO0Coeff4[] = { 0, 0, 0.9 }; 

FIS_TYPE fis_gMFO0Coeff5[] = { 0, 0, 1 }; 

FIS_TYPE* fis_gMFO0Coeff[] = { fis_gMFO0Coeff1, fis_gMFO0Coeff2, 

fis_gMFO0Coeff3, fis_gMFO0Coeff4, fis_gMFO0Coeff5 }; 

FIS_TYPE fis_gMFO1Coeff1[] = { 0, 0, 0.03 }; 

FIS_TYPE fis_gMFO1Coeff2[] = { 0, 0, 0.04 }; 

FIS_TYPE fis_gMFO1Coeff3[] = { 0, 0, 0.05 }; 

FIS_TYPE fis_gMFO1Coeff4[] = { 0, 0, 0.1 }; 

FIS_TYPE fis_gMFO1Coeff5[] = { 0, 0, 0.15 }; 

FIS_TYPE* fis_gMFO1Coeff[] = { fis_gMFO1Coeff1, fis_gMFO1Coeff2, 

fis_gMFO1Coeff3, fis_gMFO1Coeff4, fis_gMFO1Coeff5 }; 
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FIS_TYPE** fis_gMFOCoeff[] = { fis_gMFO0Coeff, fis_gMFO1Coeff }; 

 

// Input membership function set 

int fis_gMFI0[] = { 0, 0, 0, 0, 0 }; 

int fis_gMFI1[] = { 0, 0, 0, 0, 0 }; 

int* fis_gMFI[] = { fis_gMFI0, fis_gMFI1}; 

 

// Output membership function set 

 

int* fis_gMFO[] = {}; 

 

// Rule Weights 

FIS_TYPE fis_gRWeight[] = { 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 

1, 1, 1, 1, 1, 1 }; 

 

// Rule Type 

int fis_gRType[] = { 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 

1, 1 }; 

 

// Rule Inputs 

int fis_gRI0[] = { 1, 1 }; 

int fis_gRI1[] = { 1, 2 }; 

int fis_gRI2[] = { 1, 3 }; 

int fis_gRI3[] = { 1, 4 }; 

int fis_gRI4[] = { 1, 5 }; 

int fis_gRI5[] = { 2, 1 }; 

int fis_gRI6[] = { 2, 2 }; 

int fis_gRI7[] = { 2, 3 }; 

int fis_gRI8[] = { 2, 4 }; 

int fis_gRI9[] = { 2, 5 }; 

int fis_gRI10[] = { 3, 1 }; 

int fis_gRI11[] = { 3, 2 }; 

int fis_gRI12[] = { 3, 3 }; 

int fis_gRI13[] = { 3, 4 }; 

int fis_gRI14[] = { 3, 5 }; 

int fis_gRI15[] = { 4, 1 }; 

int fis_gRI16[] = { 4, 2 }; 

int fis_gRI17[] = { 4, 3 }; 

int fis_gRI18[] = { 4, 4 }; 

int fis_gRI19[] = { 4, 5 }; 

int fis_gRI20[] = { 5, 1 }; 

int fis_gRI21[] = { 5, 2 }; 

int fis_gRI22[] = { 5, 3 }; 

int fis_gRI23[] = { 5, 4 }; 

int fis_gRI24[] = { 5, 5 }; 
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int* fis_gRI[] = { fis_gRI0, fis_gRI1, fis_gRI2, fis_gRI3, fis_gRI4, fis_gRI5, 

fis_gRI6, fis_gRI7, fis_gRI8, fis_gRI9, fis_gRI10, fis_gRI11, fis_gRI12, 

fis_gRI13, fis_gRI14, fis_gRI15, fis_gRI16, fis_gRI17, fis_gRI18, fis_gRI19, 

fis_gRI20, fis_gRI21, fis_gRI22, fis_gRI23, fis_gRI24 }; 

 

// Rule Outputs 

int fis_gRO0[] = { 5, 1 }; 

int fis_gRO1[] = { 5, 1 }; 

int fis_gRO2[] = { 5, 1 }; 

int fis_gRO3[] = { 4, 2 }; 

int fis_gRO4[] = { 3, 3 }; 

int fis_gRO5[] = { 5, 1 }; 

int fis_gRO6[] = { 4, 2 }; 

int fis_gRO7[] = { 4, 2 }; 

int fis_gRO8[] = { 3, 3 }; 

int fis_gRO9[] = { 2, 4 }; 

int fis_gRO10[] = { 5, 1 }; 

int fis_gRO11[] = { 4, 2 }; 

int fis_gRO12[] = { 3, 3 }; 

int fis_gRO13[] = { 2, 4 }; 

int fis_gRO14[] = { 1, 5 }; 

int fis_gRO15[] = { 4, 2 }; 

int fis_gRO16[] = { 3, 3 }; 

int fis_gRO17[] = { 2, 4 }; 

int fis_gRO18[] = { 2, 4 }; 

int fis_gRO19[] = { 1, 5 }; 

int fis_gRO20[] = { 3, 3 }; 

int fis_gRO21[] = { 2, 4 }; 

int fis_gRO22[] = { 1, 5 }; 

int fis_gRO23[] = { 1, 5 }; 

int fis_gRO24[] = { 1, 5 }; 

int* fis_gRO[] = { fis_gRO0, fis_gRO1, fis_gRO2, fis_gRO3, fis_gRO4, 

fis_gRO5, fis_gRO6, fis_gRO7, fis_gRO8, fis_gRO9, fis_gRO10, fis_gRO11, 

fis_gRO12, fis_gRO13, fis_gRO14, fis_gRO15, fis_gRO16, fis_gRO17, 

fis_gRO18, fis_gRO19, fis_gRO20, fis_gRO21, fis_gRO22, fis_gRO23, 

fis_gRO24 }; 

 

// Input range Min 

FIS_TYPE fis_gIMin[] = { -200, -200 }; 

 

// Input range Max 

FIS_TYPE fis_gIMax[] = { 200, 200 }; 

 

// Output range Min 

FIS_TYPE fis_gOMin[] = { 0, 0 }; 
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// Output range Max 

FIS_TYPE fis_gOMax[] = { 1, 1 }; 

 

//***************************************************************

******** 

// Data dependent support functions for Fuzzy Inference System 

//***************************************************************

******** 

// None for Sugeno 

 

//***************************************************************

******** 

// Fuzzy Inference System 

//***************************************************************

******** 

void fis_evaluate() 

{ 

  FIS_TYPE fuzzyInput0[] = { 0, 0, 0, 0, 0 }; 

  FIS_TYPE fuzzyInput1[] = { 0, 0, 0, 0, 0 }; 

  FIS_TYPE* fuzzyInput[fis_gcI] = { fuzzyInput0, fuzzyInput1, }; 

  FIS_TYPE fuzzyOutput0[] = { 0, 0, 0, 0, 0 }; 

  FIS_TYPE fuzzyOutput1[] = { 0, 0, 0, 0, 0 }; 

  FIS_TYPE* fuzzyOutput[fis_gcO] = { fuzzyOutput0, fuzzyOutput1, }; 

  FIS_TYPE fuzzyRules[fis_gcR] = { 0 }; 

  FIS_TYPE fuzzyFires[fis_gcR] = { 0 }; 

  FIS_TYPE* fuzzyRuleSet[] = { fuzzyRules, fuzzyFires }; 

  FIS_TYPE sW = 0; 

 

  // Transforming input to fuzzy Input 

  int i, j, r, o; 

  for (i = 0; i < fis_gcI; ++i) 

  { 

    for (j = 0; j < fis_gIMFCount[i]; ++j) 

    { 

      fuzzyInput[i][j] = 

        (fis_gMF[fis_gMFI[i][j]])(g_fisInput[i], fis_gMFICoeff[i][j]); 

    } 

  } 

 

  int index = 0; 

  for (r = 0; r < fis_gcR; ++r) 

  { 

    if (fis_gRType[r] == 1) 

    { 

      fuzzyFires[r] = 1; 

      for (i = 0; i < fis_gcI; ++i) 
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      { 

        index = fis_gRI[r][i]; 

        if (index > 0) 

          fuzzyFires[r] = fis_prod(fuzzyFires[r], fuzzyInput[i][index - 1]); 

        else if (index < 0) 

          fuzzyFires[r] = fis_prod(fuzzyFires[r], 1 - fuzzyInput[i][-index - 1]); 

        else 

          fuzzyFires[r] = fis_prod(fuzzyFires[r], 1); 

      } 

    } 

    else 

    { 

      fuzzyFires[r] = 0; 

      for (i = 0; i < fis_gcI; ++i) 

      { 

        index = fis_gRI[r][i]; 

        if (index > 0) 

          fuzzyFires[r] = fis_probor(fuzzyFires[r], fuzzyInput[i][index - 1]); 

        else if (index < 0) 

          fuzzyFires[r] = fis_probor(fuzzyFires[r], 1 - fuzzyInput[i][-index - 1]); 

        else 

          fuzzyFires[r] = fis_probor(fuzzyFires[r], 0); 

      } 

    } 

 

    fuzzyFires[r] = fis_gRWeight[r] * fuzzyFires[r]; 

    sW += fuzzyFires[r]; 

  } 

 

  if (sW == 0) 

  { 

    for (o = 0; o < fis_gcO; ++o) 

    { 

      g_fisOutput[o] = ((fis_gOMax[o] + fis_gOMin[o]) / 2); 

    } 

  } 

  else 

  { 

    for (o = 0; o < fis_gcO; ++o) 

    { 

      FIS_TYPE sWI = 0.0; 

      for (j = 0; j < fis_gOMFCount[o]; ++j) 

      { 

        fuzzyOutput[o][j] = fis_gMFOCoeff[o][j][fis_gcI]; 

        for (i = 0; i < fis_gcI; ++i) 

        { 
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          fuzzyOutput[o][j] += g_fisInput[i] * fis_gMFOCoeff[o][j][i]; 

        } 

      } 

 

      for (r = 0; r < fis_gcR; ++r) 

      { 

        index = fis_gRO[r][o] - 1; 

        sWI += fuzzyFires[r] * fuzzyOutput[o][index]; 

      } 

      g_fisOutput[o] = sWI / sW; 

    } 

  } 

} 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 


